Objective: This study attempted to investigate the importance of diffusion weighted (DW)-echo planar imaging (EPI) in the characterization of normal parotid glands to facilitate the early detection of abnormal changes.
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INTRODUCTION
A broad spectrum of pathological conditions can affect the parotid glands. However, although unilateral parotid lesions are more frequently seen, bilateral parotid lesions are not uncommon (1) .
Parotid swelling can result from a diverse spectrum of pathologies: inflammation or infections [e.g., bacterial, viral (e.g., mumps or HIV sialopathy), or chronic sialadenitis], autoimmune diseases (e.g., Sjogren's disease and chronic recurrent parotitis), granulomatous diseases (e.g., Wegener's granulomatosis and sarcoidosis), Kimura's disease, miscellaneous diseases (e.g., sialadenosis, polycystic disease, radiation sialadenitis, and pneumoparotid), neoplastic diseases (e.g., pleomorphic adenoma, Warthin's tumor, and mucosa-associated lymphoid tissue lymphoma), and pseudolesions (e.g., hypertrophy of the masseter muscle) (2) .
The general evaluation of parotid lesions includes the so-called triple assessment, which refers to clinical examination, imaging, and biopsy (3).
Due to selection bias, fine needle aspiration cytology (FNAC) is not always conclusive. FNAC cannot be performed if the lesion is located in the deep lobe. Therefore, preoperative imaging plays a major role in the discrimination of inflammatory conditions from neoplastic conditions as well as in the differentiation between benign and malignant neoplasms; therefore, surgical planning is valuable in such cases. Few clinical symptoms, such as facial nerve palsy, allow the diagnosis of malignant lesions. In most cases of palpable tumors, the differentiation between benign and malignant tumors is not possible by only performing a clinical examination (4).
The many histological types of parotid neoplastic lesions make them a major challenge for radiologists and clinicians. This range of differential diagnoses influences not only the prognosis but also the treatment. Local excision or superficial parotidectomy are considered the surgical procedure of choice for patients with benign parotid tumors, in contrast to total parotidectomy in case of malignant parotid tumors. Total parotidectomy is a more difficult procedure and has the risk of facial nerve palsy (4).
In general, imaging modalities for the parotid gland include plain radiography, sialography [either conventional, computed tomography (CT), or magnetic resonance imaging (MRI), ultrasonography (US), CT, MRI, and radionuclide scintigraphy (5).
Magnetic Resonance imaging is a noninvasive technique that provides morphological information of the parotid glands and differentiates focal involvement of the gland from diffuse involvement, thus allowing a correct diagnosis to be made and proper staging in case of parotid tumors (6) . Additionally, diffusion-weighted imaging (DWI) and apparent diffusion coefficients (ADCs) depend on the composition of the parotid gland as well as the different histological types of the parotid tumors. These have been reported as helpful tools for narrowing the differential diagnosis, particularly in case of parotid masses (7).
The purpose of this study was an attempt to characterize the composition of the parotid gland with diffusion-weighted echo planar imaging (DW-EPI) and to measure ADCs to depict early focal or diffuse changes in the parotid glands with differentiation between inflammatory and neoplastic lesions as well as the differentiation of the various entities of parotid gland tumors.
MATERIALS AND METHODS
This prospective descriptive analytic study was approved by the national cancer institute review board as well as the national cancer institute ethical committee, Cairo University. This study included 73 (30 male and 43 female) patients. Patients' ages ranged from 1-82 years with a mean age of 33.14±22.40 years (mean±SD). All the patients presented to our hospital (the National Cancer Institute) between July 2014 and January 2016.
Comprehensive explanations of the procedures were done for all cases including the associated risks and contraindications. Then informed consent was obtained from each patient/patient's parents in case of minor.
Technique conventional MRI All patients were evaluated by MRI technique using 1. . Placing the frequencyselective radio-frequency pulse before the pulse sequence allowed fat suppression to be achieved. The total acquisition time of this sequence was 1 min 14 s. For each epi DWI sequence, a pixel-bypixel ADC map was automatically calculated with the gray value of the pixel linearly corresponding to the ADC expressed in square millimeters per second.
Histopathologic analysis
Pathologic analysis of samples of parotid lesions was performed in the Pathology Department of the National Cancer Institute, Cairo University, Egypt, by a group of well-trained expert pathologists. Samples were obtained with FNAC, core biopsy, and surgical excision.
Statistical analysis Data were statistically described in terms of mean±SD, minimum, maximum, and median. Comparison of quantitative variables between the study groups was done using Student's t-test for independent samples.
For comparing categorical data, the chi-square (χ 2 ) test was performed. The exact test was used instead when the expected frequency is less than 5.
Accuracy was represented using the terms sensitivity, specificity, positive predictive value, and negative predictive value.
Receiver operator characteristic (ROC) analysis was used to determine the optimum cut-off value for the studied diagnostic markers. A probability value (p-value) less than 0.05 was considered statistically significant.
The data analysis was performed using the Statistical Package for the Social Sciences (SPSS) 19.0 version (IBM Corp.; Armonk, NY, USA)
RESULTS

Locations of the lesions
Parotid lesions were classified as follows: 47.9% of the lesions were found in the right parotid gland, 45.3% were found in the left parotid gland, and 6.8% were found bilaterally in both parotid glands. Of the studied lesions, 17.9% were found in the deep lobe, 47.9% were found in the superficial lobe, and 34.2% were found in both lobes.
Pathological diagnosis
Patients were distributed according to their final pathological diagnosis into three groups: inflammatory lesion group, benign tumor group, and malignan tumor group. The inflammatory lesion group included 7 patients, the benign tumor group included 23 patients, and the malignant tumor group included 43 patients.
The diagnoses in the benign tumor group as determined by performing a pathological analysis were diverse: pleomorphic adenoma, Warthin's tumor, hemangioma, lymphangioma, basal cell adenoma, and others. Pleomorphic adenomas were the most frequent among benign lesions and represented 43.34% of all benign lesions.
The patients in the malignant group showed the following entities: mucoepidermoid carcinoma, adenoid cystic carcinoma, basal cell carcinoma, mixed salivary gland tumor, rhabdomyosarcoma, lymphoma, leukemic infiltrates, metastatic intra-parotid lesions, and others. Even rare pathological types were found such as primitive neuroectodermal tumor (PNET).
The most common malignant lesions found in our study were metastatic lesions in the parotid gland (i.e., direct infiltration or distant metastasis) that represented 30.23% of all malignant lesions, while the most common primary parotid tumor was found to be adenoid cystic carcinomas that represented approximately 18.6% of all malignant lesions.
Conventional MRI
The normal parotid glands were comparable on both sides showing equal size and symmetrical smooth regular contours. A little difference was noted along the gland among variable age groups relative to the increase fat content with age. On the basis of signal criteria and contrast uptake, the normal parotid glands appeared heterogeneously high on T1WIs with a diffuse signal drop in STIR & fat suppression techniques and relatively high T2WIs "relative to muscles" owing to high fat content of the gland. The glands enhance smoothly after contrast administration like muscles. Regarding T1WI signals, 57 lesions had low signal intensity, 12 lesions had intermediate signal intensity, and 4 lesions had high signal intensity. Regarding T2WI signals, 4 lesions had low signal intensity, 13 lesions had intermediate signal intensity, and 55 lesions had high signal intensity. The enhancement pattern was studied, and it was found that 2 lesions display no enhancement, 28 lesions displayed homogenous enhancement, and that the remaining 43 lesions displayed heterogeneous enhancement.
When the lesions were assessed regarding their margins; 45 lesions (61.6%) were well defined and the remaining 28 lesions (38.4%) showed ill-defined borders. While assessing relationship of the lesions to surroundings; 25 lesions (34.2%) showed vascular encasement, 20 lesions (27.4%) showed facial nerve involvement, 10 lesions showed perineural spread "8 lesions (10.96%) through facial nerve and the remaining 2 lesions (2.74%) via the auriculotemporal nerve branch of mandibular division of the trigeminal nerve", 2 lesions (2.74%) showed intracranial extension and 3 lesions (4.1%) were aggressive and showed bone invasion. Regarding the presence of lymph nodes; 12 lesions (27.91%) showed malignant looking lymph nodes nodes, 10 lesions (31.5%) were associated with bilateral subcentimetric lymph nodes likely reactive, and 41 lesions had no associated enlarged lymph nodes.
Accuracy of conventional MRI
Lesions were assessed primarily with conventional MRI alone. They were labelled as either benign-looking (B) or malignant-looking (M), according to presence of criteria of malignancy; e.g. ill-definition of margins, invasion of the surrounding tissues or presence of suspicious-looking lymph nodes.
By conventional MRI alone, 47 malignant-looking lesions were detected, when they were compared to the pathology results; only 32 proved to be truly positive for malignancy with the remaining 15 lesions were false positive cases. Twenty-five lesions were benignlooking also when these were compared to the pathology results; only 15 lesions were truly negative for malignancy with the remaining 10 lesions were false-negative ones.
Thus, using conventional MRI alone in predicting benign and malignant lesions has a sensitivity of 76.19% [95% confidence interval (CI), 60.55-87.95%] and specificity of 50% (95% CI, 31.30-68.70%) with a positive predictive value of 68.09% (95% CI, 52.88-80.91%) and negative predicative value of 60% (95% CI, 38.67-78.87%). The positive and negative likelihood ratios were 1.52 and 0.48, respectively. DWI qualitative analysis of DWIs "signal intensity" Normal parotid glands showed diffuse homogenous low signal intensity on performing DWI. The signal intensity of the benign tumor and malignant groups in diffusion-weighted images was visually assessed as having two levels of varying intensity.
A significant difference was found between the benign and malignant tumor groups as approximately 90.7% of all malignant lesions displayed hyper-intense signal intensity (SI) in DWI "represent restricted diffusion pattern" (Figure 1 ), while 86.7% of the benign lesions showed lesser signal intensities "represent facilitated diffusion pattern" (Fig. 2) .
Quantitative analysis of DWIs "ADC " Apparent Diffusion Coefficients for normal parotid glands were obtained for the superficial and deep lobes on both sides and showed different values as shown in Table 1 .
When these results modified for the whole gland showed a mean ADC of 1.123×10 -2 mm 2 /s and SD of±0.121x10 -3 (95% CI, 1.0954-1.1506). Table 2 The diverse pathologies detected in our study made the comparison between different types in an attempt to attribute suggestive ADCs for each type quite difficult. Further studies dedicated to these subtypes separately may be of further value in comparing them.
Accuracy of DWI
Lesions were assessed with DWI alone. They were labelled as either benign-looking (B) or malignant-looking (M), according to presence of criteria of malignancy; e.g. high signal in DWIs "i.e. restricted diffusion pattern" and low ADC.
By diffusion-weighted imaging alone, 44 malignant-looking lesions were detected after the pathological analysis; only 39 lesions were truly positive for malignancy, with 5 false-positive cases. Twentynine lesions were detected as benign-looking; only 25 were truly negative for malignancy, with 4 false-negative cases.
Thus, the use of DWI alone in predicting benign and malignant lesions had a sensitivity of 90.70% (95% CI, 77.86-97.41%) and specificity of 83.33% (95% CI, 65.28-94.36%) with a positive predictive value of 88.64% (95% CI, 75.44-96.21%) and negative predicative value of 86.21% (95% CI, 68.34-96.11%). The positive and negative likelihood ratios were 5.44 and 0.11, respectively.
Accuracy of conventional MRI when combined with DWI
The lesions were assessed again by combining conventional MRI findings with DWI and the DWI signal intensity and ADC.
After the combination of conventional MRI and DWI, 43 malignant-looking lesions were detected; 42 were true malignant lesions, with one false-positive case. Thirty benign-looking lesions were detected; 29 were positive, with one false-negative cases.
Thus, combining DWI and ADCs increased the accuracy as the sensitivity and specificity were 97.67% (95% CI, 87.71-99.94%) and 96.67% (95% CI, 82.78-99.92%), respectively, with a positive predictive value of 97.67% (95% CI, 87.71-99.94%) and negative predicative value of 96.67% (95% CI, 82.78-99.92%).
Logistic regression and ROC curve analysis were performed to determine the cut-off value between benign and malignant lesions ( Figure 3) . The absolute and relative ADCs of lesions had significant probability in the characterization between benign and malignant lesions.
ADC value of 0.93×10 -3 mm 2 /s was set as cut-off value for benign and malignant parotid tumors with sensitivity and specificity of 72.09% and 82% for ADC respectively.
DISCUSSION
Parotid gland has diverse spectrum of pathological conditions that could be focal or diffuse being unilateral or bilateral. Differentiation between inflammatory or neoplastic lesions could be suspected clinically; however, more accurate differentiation requires multimodality imaging and in some cases FNAC. Parotid gland tumors can be often diagnosed by FNAC, yet these minimally invasive procedures entail the risk of tumor spillage and inconclusive results owing to insufficient samples for histopathological analyses. Thus, preoperative imaging plays an important role in the evaluation of tumor characteristics (8) .
Magnetic resonance imaging is a non-invasive procedure that could accurately depict abnormalities within the parotid glands depending upon the morphological criteria such as size, margin, signal, and enhancement pattern.
The potential additional value of diffusion in imaging lies in the fact that it provides functional tissue information, which can be combined with anatomical magnetic resonance images to improve the specificity of lesion characterization. The DWI studies and ADC measurements provide useful information about the cellularity of the gland, potential inflammatory or neoplastic changes in its composition and moreover tumor cellularity that can correlate with its histological pattern and give a clue in the differentiation between benign and malignant tumors (8) .
Thus, this work aimed to study the value of DWI and ADC measurement coupled with high-resolution MRI in effective characterization of normal parotid glands and thus might be valuable in the detection of early pathological conditions as well as differentiation between inflammatory and neoplastic lesions. We also expected that ADC mapping would differentiate benign and malignant tumors.
The mean ADC of the normal parotid gland was found to be 1.12×10 −3 ±0.12×10 The Apparent Diffusion Coefficient matches to tumor cellularity and the characteristics of extracellular components. Parotid gland tumors are histopathologically unique in terms of extracellular components such as myxoid matrix (e.g., pleomorphic adenoma).
In our study, the tumors with myxoid matrix such as pleomorphic adenoma showed high ADCs with a mean value of 1.3×10 The cut-off value of the ADC, below which a parotid tumor is suggestive of being malignant, were set to 0.93×10 -3 mm 2 /s. This was found to be lower than that obtained in previous studies (i.e., Lechner et al. (11) who found the cut-off value to be 1.22×10 -3 mm 2 /s).
CONCLUSION
The present study showed that ADC measurement has the potential to depict early pathological changes in the parotid glands, differentiate between inflammatory and neoplastic conditions, and differentiate between benign and malignant focal parotid lesions.
The obtained results for determining whether a parotid gland tumor is benign or malignant based on combining morphologic features and DWI and ADC measurements in a diagnostic noninvasive approach are very promising and might decrease the number of unnecessary invasive procedures (e.g., biopsies or inappropriate extensive surgical approaches for benign parotid lesions). This is particularly promising for the differentiation of pleomorphic adenomas and Warthin's tumors as well as carcinomas.
Some limitations to this study can be contributed to the small sample size, the diverse spectrum of the pathological conditions of the parotid glands, and the high dependence on neoplastic lesions. Therefore, further studies should be conducted to make a more solid base in the value of ADC measurement, hence accurate cutoff value, in the early detection of parotid pathological changes and to discriminate between benign and malignant parotid neoplastic lesions.
We recommend adding DWI in the MRI protocol for the detection as well as qualitative and quantitative discrimination of parotid neoplastic lesions.
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